Purpose How cancer history and distress relate to sleep outcomes of adolescents and young adults (AYAs) is unclear. The current study compares AYA cancer survivors to controls on indicators of sleep and fatigue; examines the concurrent association between psychological status, sleep, and fatigue; and investigates the lagged relationship between sleep and fatigue problems with psychological functioning.
of the sleep/wake cycle, especially in patients with cancer [7] . Although more widely studied in adult oncology [1] , few studies have examined sleep and fatigue and their relationship to psychological outcomes in adolescent and young adult (AYA) survivors of childhood cancer. Thus, the current study describes sleep, fatigue, and psychological outcomes in AYA survivors compared to a control group.
AYAs face biological and behavioral risk for sleep and fatigue difficulties [8, 9] . Hormonal shifts, greater sleep needs than adults, environmental factors not conducive to AYA schedules (e.g., early school start times), and social demands that delay bedtimes for AYA affect sleep in this age group [10] . Despite the risk for poor sleep habits, research focusing specifically on sleep in AYA survivors is sparse. Studies including AYA have done so as part of a larger age range (either childhood or adulthood) without specific subgroup analyses. Such research has described higher instances of disrupted sleep among survivors ages 5-17 relative to norms [11] , sleep disturbances in 49 % of acute lymphoblastic leukemia survivors ages 18-41 [3] , and sleep efficiency (percentage of time in bed asleep) below 85 % suggestive of insomnia in almost one third of 20-48-year-old survivors [12] . The Childhood Cancer Survivor Study (ages 18-50+) found slightly higher rates of sleep disturbances (16 %) in survivors relative to siblings (12 %) and that survivors were 1.9 times more likely to be fatigued than sibling controls [13] . Studies of fatigue in childhood cancer survivors have also found that survivors report higher fatigue than the general population [14] and an age-similar control group [15] , with higher and more chronic fatigue in older survivors (19+) compared to younger survivors (13) (14) (15) (16) (17) (18) [14] .
Such sleep and fatigue problems confer risk for poor psychological functioning. Internalizing symptoms and sleep are closely related in both adolescents [16] and young adults [17] without a cancer history, and longitudinally, several studies have demonstrated that disrupted sleep predicts later onset of anxiety and depression [18] . Despite the demonstrated relationship between sleep and psychological functioning in AYA without cancer, our understanding of the role that sleep plays in the psychological adjustment of AYA survivors is limited. In childhood cancer survivors, sleep disturbances are closely related to quality of life [11] , and survivors reporting poor sleep quality are almost five times more likely to be depressed [3, 13] . Chronic fatigue is also related to higher reports of psychological distress in survivors who experience persistent chronic fatigue relative to survivors without a history of chronic fatigue [19] . Together with the increased risk for mood disturbances, anxiety, and poor quality of life [20, 21] , AYA survivors with sleep and fatigue disturbances face high risk for poor psychosocial outcomes.
Limitations of prior studies need to be addressed to better understand sleep and fatigue. No prior study has included an unrelated control group, which is necessary to understand the impact of cancer history and related medical concerns. This is important given the heritability, environmental, and family impact on sleep difficulties and also to demonstrate whether sleep and fatigue of AYA survivors are substantially worse than what is typical of AYAs in general. Thus, the current study extends the literature and addresses limitations with three aims: (1) compare AYA cancer survivors to controls on indicators of sleep quality, sleep quantity (total sleep time and sleep onset latency), sleep medication use, and reports of problematic sleep and fatigue; (2) understand the relationship between psychological functioning (anxiety, depression, and posttraumatic stress) and current medical concerns with sleep and fatigue in survivors and controls; and (3) understand the prospective relationship across 2 months between sleep and fatigue problems with later mental health symptoms in survivors compared to controls.
Materials and methods

Participants
The sample was recruited as part of a larger study examining the psychosocial and health outcomes of survivors [22] . Participants between the ages of 16 and 30 included 167 AYA survivors of childhood cancer recruited during cancer-related follow-up medical visits and 170 healthy AYA controls recruited at preventive or acute primary care appointments. Inclusion criteria for AYA participants were a cancer diagnosis before 18 years of age, at least 5 years since diagnosis or being followed in the Cancer Survivorship Program (CSP) as their primary oncology medical home (in some cases, patients are referred to the CSP slightly prior to 5 years posttreatment if no concerns of disease or relapse remain and their health care focus shifts to risk-based care and/or management of late effects), greater than 2 years since completion of cancer treatment, and cognitively able to complete the study. AYA survivors of brain tumors were excluded. Healthy controls with no history of chronic health conditions, injury, or psychiatric hospitalization were included. All participants were English speaking and able to read at a fifth grade level as assessed by medical providers. Rates of dropout from time 1 to time 2 were somewhat higher in the control group (χ 2 =4.62, p=.031; survivors=35; controls=57).
Procedures
After institutional review board approval, AYA participants were recruited at their annual cancer survivorship visits at a large children's hospital. The control group was recruited at primary care clinic appointments in an affiliated academic medical center. All participants provided consent/assent and completed measures at baseline (time 1) and 2 months later by mail (time 2). Participants received $20 for completing measures at time 1 and $30 at time 2.
Measures
Demographic information All participants completed a demographic questionnaire regarding age, gender, ethnicity/ race, and family income.
Disease variables Medical records were used to confirm diagnoses, which were classified as leukemia, lymphoma, or solid tumors for sample description. For cancer survivors, information regarding cancer diagnosis, stage, and treatment (radiation, chemotherapy, surgery, and stem cell transplant) was collected through the medical record to calculate the Intensity of Treatment Rating scale 2.0 [23] .
Psychological distress
Brief symptom inventory It [24] is an 18-item self-report measure assessing symptoms of psychological distress. Participants rated their distress on a 5-point Likert-type scale with higher scores indicating greater distress. The measure and individual subscales have previously demonstrated strong reliability and validity [24] . The depression subscale (six items) was used for the current analysis and reliability was acceptable (survivor α=.84; control α=.87).
State-trait anxiety inventory It [25] is a self-report measure, composed of a state transitory anxiety subscale (20 items) and a trait anxiety subscale (20 items). Participants responded to items on a 3-point Likert scale, with higher scores indicating greater anxiety. Total state anxiety was used for this study with higher scores indicating greater anxiety; reliability was adequate (T1, survivor α =.57; control α =.70; T2, survivor α=.68; control α=.70).
Posttraumatic stress checklist-civilian version It [26] is a reliable and well-validated [26] 17-item self-report measure based on the DSM-IV criteria for posttraumatic stress disorder that has previously been used with childhood cancer survivors [21] . The measure is comprised of three subscales (reexperiencing, avoidance, and arousal) and a total score. The total score was used for the current analyses as an indicator of posttraumatic stress symptoms (PTSS). Participants rated distress on 5-point Likert scale, with higher scores indicating greater distress; reliability was acceptable (T1, survivor α=.92; control α=.91; T2, survivor α=.93; control α=.89).
Health problems and sleep/fatigue variables
Participants completed the Health Knowledge Inventory [27] regarding current health concerns. A summary score of health concerns was used as a proxy for current health. Items measuring sleep problems (BDo you have sleep problems?^) and fatigue (BDo you get tired easily?^) were not included in the total score calculation and instead used as indicators of selfreported difficulty with sleep and fatigue.
Pittsburg sleep quality index Participants completed five items from the PSQI describing sleep habits in the past month [28] . Items assess total sleep time (TST; calculated as time between reported bedtime and wake time), sleep onset latency (SOL) in minutes, sleep quality (4-point scale ranging from poor to good sleep quality), and frequency of sleep medication use (4-point scale with higher scores indicating greater frequency). These items were dichotomized into clinically relevant categories. TST was dichotomized at above/below 8 h based on average sleep recommendations for this age group (9-10 h in adolescents [29] and 7-8 h in adults [30] ). SOL was dichotomized at above/below 30 min based on clinical cut points of SOL for insomnia diagnosis [31] . Sleep medication use was dichotomized by any use versus no use. Sleep quality was dichotomized as good (very good or fairly good) and poor (fairly bad and very bad) sleep quality.
Data analysis
Data regarding psychological functioning of cancer survivors compared to controls have been presented previously [22] . Survivors and controls were compared on demographic (gender, age, ethnicity, and family income) variables at time 1 using t tests and chi-square analyses. For the first aim, the frequency of endorsing problematic sleep/ fatigue (TST dichotomized at 8 h, SOL dichotomized at 30 min, sleep medication use yes/no, sleep quality good/poor, self-reported sleep problems yes/no, and selfreported fatigue yes/no) was compared between groups using chi-square analyses. For the second aim, within each group, those with and without sleep and fatigue problems were compared on psychological and current medical concerns using ANOVA and effect sizes were estimated using Cohen's d [32] . The third aim used an analysis of covariance (ANCOVA) to examine self-reported sleep and fatigue problems at time 1 as a predictor of psychological functioning at time 2 controlling for time 1 psychological function, age, and income. To examine the difference between survivors and controls, interaction terms between groups and sleep/fatigue problems were examined.
Results
Descriptive analyses
Sample demographics are presented in 
Comparing sleep by group (aim 1)
On average, survivors reported taking 31.75 min to fall asleep and sleeping for 7.72 h, rated sleep quality as good, and used sleep medication less than once per week. Similarly, controls reported taking 28.94 min to fall asleep, sleeping 7.56 h, good sleep quality, and using medication less than once per week. Contrary to hypotheses, there were no differences between survivors and controls in the occurrence of problematic sleep when controlling for age and income ( Table 2 ). The distribution of the number of sleep problems reported was similar between groups (χ 2 (4)=3.72, p=.445). When controlling for age and income, survivors reported significantly more fatigue compared to controls (Wald statistic=9.18, p=.002, odds ratio=2.47).
Within-group analyses among participants with and without sleep and fatigue problems (aim 2)
Survivors Effect sizes for the comparisons of health problems and psychological symptoms by dichotomous sleep variables are presented in Table 3 . Total health problems as reported on the HKI were higher in survivors who slept more than 8 h (F (1, 152) 10 .98) were significant in the predictive model of depression, such that the effect of sleep and fatigue on time 2 depression was significant for survivors but not for controls. Interaction terms were not significant in the predictive models of anxiety and PTSS; however, there was a significant main effect of sleep and fatigue on time 2 anxiety and PTSS for survivors but not for controls.
Discussion
This study is the first to describe the relationship between sleep parameters and psychological outcomes in AYA cancer survivors and controls. Few studies have explored sleep and fatigue in AYA survivors, and none have used an unrelated control group. Understanding the risk for poor sleep and the sleep/psychological functioning relationship is important to informing clinical practice and improving health-related quality of life in AYA cancer survivors. Study strengths are examining sleep and psychological functioning cross sectionally and prospectively across the AYA age spectrum (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) and using an unrelated control group without a history of disease recruited in a primary care setting. Furthermore, lagged models contribute to our understanding of sleep as not only a correlate of mental health but also a potential underlying risk factor for poor psychosocial outcomes.
Survivors and controls reported similar sleep-sleeping on average between 7.5 and 8 h nightly and taking about 30 min to fall asleep, with good sleep quality, and minimal sleep medication use. TST is similar to population norms but slightly shorter than recommendations of 8-9 h for this age group [29] . SOL is generally adequate and also similar to previously published norms for both adolescents [31] and adults [17] . Prior research is mixed as to the extent of sleep disturbances in childhood cancer survivors with some research suggesting similar sleep to those without a cancer history [13] and other studies indicating increased risk for symptoms of insomnia (long SOLs and poor sleep efficiency) [3, 12] . Because the current sample is younger than prior studies [3, 12] , our sample may report lower rates of prolonged SOLs, as the prevalence of insomnia symptoms increases with age and shifts from intermittent to chronic over time [33] . Despite similar adequate sleep between survivors and controls, survivors reported significantly more fatigue. Greater fatigue in survivors is consistent with research comparing survivors to sibling controls [13] and normative values [14] . Results suggest an underlying mechanism such as treatmentrelated late effects as the root cause of fatigue in survivors rather than inadequate sleep. Higher fatigue in survivors is likely multifactorial and may reflect both biological mechanisms and psychological/behavioral influences on fatigue, including low physical activity and low behavioral activation. These results also validate the importance of assessing sleep problems and fatigue separately as they are differing constructs that may not co-occur [34] . Additionally, because current health problems are similarly related to sleep/fatigue problems in both groups, current health concerns not the cancer history may be more important to sleep and fatigue in AYA.
The relationship between sleep and psychological functioning was similar between groups-participants in both groups who endorsed sleep and fatigue problems also endorsed more psychological symptoms. For survivors, sleep quality and medication use were also consistently related to psychological functioning. The relationship between sleep/fatigue and psychological symptoms is consistent with prior research linking insomnia symptoms and psychological well-being in survivors [3, 12] in addition to other studies associating sleep/fatigue with psychological functioning in adult oncology and adolescents without health concerns [16] . Sleep disturbances and fatigue can be symptoms of psychological distress. However, repeated sleep disturbances and fatigue may also trigger psychological distress by limiting engagement in daily activities, impairing school and social functioning [9] , and increasing engagement in risk-taking activities [35] .
Lagged models predicting depression indicated that sleep and fatigue problems predicted depression in survivors but not in controls, when controlling for baseline depression. The threat to quality of life that sleep and fatigue pose for some survivors is an important finding due to the vulnerable nature of this population and warrants further investigation. Although results did not indicate similar relationships between sleep/fatigue and later psychological problems, longitudinal studies in noncancer AYA populations have found that insomnia [35] and sleep deprivation [36] in adolescence predict depression in adulthood. The short time frame between assessments (2 months) may contribute to the differences observed in control participants relative to prior research, which have used longer 1-year time frames [35, 36] . For survivors, it appears that depressive symptoms related to sleep and fatigue may emerge earlier than controls, although underlying mechanisms are unclear. Further longitudinal research examining sleep in survivors over time will be important to understanding the role of sleep in mental health outcomes as well as determining the most appropriate interventions for such sleep and fatigue difficulties.
Cancer history may confer a greater risk for sleep/ psychological relationships through bio-behavioral pathways that place survivors at greater risk for sleep/fatigue to impact psychological functioning. The Predisposing, Precipitating, and Perpetuating Factor (PPP) Model of Insomnia [37] and its application to cancer [38] may offer insight into the behavioral contributions of cancer to the sleep/depression relationship. The PPP model categorizes etiological factors of sleep disturbances as predisposing (risk factors for insomnia such as family history or psychological diagnoses), precipitating (stressors), and perpetuating factors (thoughts/behaviors that maintain sleep disturbance). Stress, such as a cancer diagnosis, can precipitate sleep disturbances during treatment and later become a predisposing factor to insomnia in survivorship [38] . This major life stress may explain the stronger relationship between sleep/fatigue and depression for survivors relative to controls. Survivors may also have more perpetuating factors for sleep disturbances such as sleep habits and beliefs about sleep developed during treatment. Children and adolescents with cancer are in the process of developing sleep habits during treatment, and treatmentrelated sleep disturbances may lead to the development of poor sleep hygiene (i.e., sleeping with the television on, later bedtimes, and napping). Survivors may be more susceptible to the effects of sleep problems on psychological functioning because of poor sleep habits developed during treatment that perpetuate intermittent sleep problems, eventually impacting the survivor's mood. Alternatively, underlying neuroendocrine and immune pathways that have been proposed to explain symptom clusters of sleep disturbances, fatigue, and depression in cancer patients and survivors [39] may also play a role in the stronger relationship between sleep/fatigue and depression in survivors. A more thorough assessment of sleep habits and sleep hygiene is needed to better understand mechanisms of the sleep-depression relationship described in this study.
The current study is limited by self-report of sleep and mental health concerns. This study did not exclude participants with a history of anxiety or depression which may have impacted results, but this practice was consistent across survivors and controls. Future studies using objective measures of sleep (i.e., actigraphy and polysomnography) are necessary due to the potential over-estimation of sleep times (by approximately 30 min) that occurs when using self-report compared to actigraphy [40] . Also, one-time reports of sleep times miss the nuances of sleep patterns over time that can be collected through use of actigraphy. Furthermore, research including a detailed account of specific medications used for sleep and a more thorough assessment of fatigue is also needed. The survivor group represents childhood cancer survivors seeking follow-up care and may not adequately represent the broader population of survivors. This study is also limited in the exclusion of AYA with brain tumors. Because the control group was recruited at primary care medical visits, it may also not be representative of all AYAs and reasons for acute medical visits (e.g., cold symptoms and headaches) may have affected sleep prior to the visit. That there were differences in prospective findings between the two groups indicates that reports of fatigue and relationships between sleep/fatigue and psychological outcomes are presumably unique to cancer survivors and not those seeking health care, in general. The use of two measurement points is a strength relative to other cross-sectional studies, but more sophisticated models with additional time points could serve to further elucidate the prospective relationship between sleep/fatigue and psychological functioning.
Assessing sleep and fatigue is essential for understanding psychosocial adjustment post-cancer given the close relationships to physical health and psychological functioning. Poor sleep may also impact survivors' medical status due to the connection between sleep and immune functioning [41] and resistance to infection [42] . Poor sleep and fatigue can be treated with cognitivebehavioral interventions [43] , physical activity [44] , and/ or pharmacotherapy [45] , though evidence for treatments specific to AYA is lacking [46] . Although treating sleep problems may be beyond the scope of a survivorship visit, assessing sleep, making recommendations to improve sleep hygiene and necessary sleep needs (http:// sleepfoundation.org/sleep-topics/teens-and-sleep), and referrals as appropriate to sleep specialists can be an important first step in supporting survivors in improving sleep and associated psychological functioning.
